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57 ABSTRACT 

The drive wheels of a vehicle are connected to an engine via 
a torque converter and racing of the drive wheels during 
Starting of the vehicle and Subsequent acceleration is prevent 
by reducing the torque of the drive wheels according to the 
driving State of the vehicle. A Slip factor of the torque 
converter is computed, and a lower limit of the torque is Set 
based on the slip rate. Insufficient acceleration after Starting 
is avoided by preventing the torque of the drive wheels from 
falling below this lower limit. 

6 Claims, 22 Drawing Sheets 

RR 

G; 
TRACTION 
CONTROLLER 

TRANSMISSION 
CONTROLLER 

  

    

  

  



5,957,991 Sheet 1 of 22 Sep. 28, 1999 U.S. Patent 

HETTIOHINOO NOISSIWNSN\/H_L 
HETTOH_LNOO NOLLOW/H. L. 

HETTIOHINOO EN|?NE 

  

  



U.S. Patent Sep. 28, 1999 Sheet 2 of 22 5,957,991 

START 

S1 READ SIGNALS 

S2 CALCULATE VTFR, VTFL, VTRR, 
VTRL 

S31READ GEAR AND Ne 

S4 CALCULATE VFF VFF= (VTFR+ VTFL)/2 

S5 CALCULATE VRR VRR = (VTRR + VTRL)/2 

S6 |CALCULATE VRRE VRRBS = VFF + B 

S7 CALCULATE VRRs VRRS = VFF - O 

S8 CALCULATE Xg Xg = { VFF(n) - VFF(n-1)} . K 

S9 CALCULATE TRO TROE = Xg . INN 

S1 O CALCULATE tRasLP TROSLP - VRR / VENG 

FIG. 2A 



U.S. Patent Sep. 28, 1999 Sheet 3 of 22 5,957,991 

S1 N 
VRR. VRRES 2 O 

S12 5-. . 

S15 
FTCS 1 AND VRR- NO 

VRRS & DS1 ? 

S 6 
HAS TS1 ELAPSED 2 

S18 No 

S17 FSTB = 1 EF-VRFss ps 

FSTE - O 

S2O 
DS 1 AND FSTE Yes 

= 0 2 
TROMN = TRQMNH 

S22 

SEARCH MAP TO OBTAIN TROMN 
FROM TROSLP 

FIG. 2B 

  

  

  



U.S. Patent Sep. 28, 1999 Sheet 4 of 22 

S23 TROE = max. (TROE, TROMN) 

S24 TRO = TROE . iGEAR 

S25 THR = F(TRO, Ne) 

S26 
No THR2 8/82 

Yes 

FTCSO 

FSTB - O 

S29 OUTPUT THR 

C END 

FIG. 2C 

5,957,991 



U.S. Patent Sep. 28, 1999 Sheet 5 of 22 5,957,991 

S 

o FIG.3B 

  



U.S. Patent Sep. 28, 1999 Sheet 6 of 22 5,957,991 

VRR 

VENG 
TROSLP 

TROSLP 

FIG.4 

  



5,957,991 Sheet 7 of 22 Sep. 28, 1999 U.S. Patent 

LHW HOIHd NO||LINEANI SIH_L 

eN 50NNdOOHL 

  



U.S. Patent Sep. 28, 1999 Sheet 8 of 22 5,957,991 

CBS NOWLO se NWOHL 
dTSIOHL 

CC O 
CO co CO 

CD CD CD 

  



5,957,991 Sheet 9 of 22 Sep. 28, 1999 U.S. Patent 

SOONIS)NB 

Ezºl 

  



U.S. Patent Sep. 28, 1999 Sheet 10 of 22 5,957,991 

FIG.8 



U.S. Patent Sep. 28, 1999 Sheet 11 of 22 5,957,991 

START 

S1 
READ SIGNALS 

S2 CALCULATE VTFR, 
VTFL, VTRR, VTRL 

READ GEAR AND S3 
Ne 

S4 CALCULATE VFF VFF= (VTFR+ VTFL)/2 

S5 CALCULATE VRR VRR = (VTRR + VTRL)/2 

S CALCULATE VERESIVRRBS- VFF: B 
S7 CALCULATE VRRS VRRS = VFF - O 

s CALCULATEXg Xg={VFF(n)- VFF(n-1)} - K 
S11 

VRR. VRRES 2 NO 

<6s de 
Yes 

FIG. 9A 

  



U.S. Patent Sep. 28, 1999 Sheet 12 of 22 5,957,991 

S102 CALCULATE THQFTROF-XG.INN 

S103 ESTIMATE TROES TROES = F2(Ne, TVO) 

S104 ESTIMATE Xg Xg" = TROES. INNG 

S105 CALCULATE DG DG-xg.xg 

s106 || CALCULATE I. ps 

S107 CALCULATE TROF TRoF.TRof 

S108 CALCULATE GSLIPGSLIP - VRR - VRRs 

S109 ICALCULATEDGSLIFDGSLIP = GSLIP) - GSLIP-1) 
S110 CALCULATEDTROBDTROBI - kt. GSLIP 

FIG. 9B 



U.S. Patent Sep. 28, 1999 Sheet 13 of 22 5,957,991 

S111 

TROBI = TRQBln-1)+ DTRQBl 

S112 CALCULATE TROBP TROBP = KP. GSLIP+ 
KD. DGSLIP 

s13 CALCULATE TROBTROB-TRoBTROBP 

s114 | calculate Roe TROE-TROF TROB 
CONVERT TROE TO TRO TROE. NGEAR 

S115 TRO 

S25 || THR-Fa(TRO, Ne)| 

FIG. 9C 



U.S. Patent Sep. 28, 1999 Sheet 14 of 22 5,957,991 

S26 

THR28/82 

TROBI = 0 CLEAR TROBI 

S29 

OUTPUT THR 

FIG. 9D 

  

    

    

  



S,957,991 

O 
t 
CD 

U.S. Patent 

  

  

  



5,957,991 Sheet 16 of 22 Sep. 28, 1999 U.S. Patent 

09-09 ET 01-09DST) 08-0LÉZE 06-08D?J 001-06N 

>>,?ZZZZZ) 
>>>>>>>>>>>>zxzzzzzZZZZZZ     

    

    

  

  

  

  

  

  



5,957,991 Sheet 17 of 22 Sep. 28, 1999 U.S. Patent 

LHV HOIHc] NOILNE ANI SIHL 

SOH1. OHL 

  

  



U.S. Patent Sep. 28, 1999 Sheet 18 of 22 5,957,991 

O 

6X 

CN 
t 
CD 

  



U.S. Patent Sep. 28, 1999 Sheet 19 of 22 5,957,991 

'ho s 

O O 

IISS) ITSEC 

  

  

  



U.S. Patent Sep. 28, 1999 Sheet 20 of 22 5,957,991 

O O 

18OHIO ISOHL 

c o 
r sms 

CD CD 

  

  

  



U.S. Patent Sep. 28, 1999 Sheet 21 of 22 5,957,991 

d8OHL 80H. I. 

  



5,957,991 Sheet 22 of 22 Sep. 28, 1999 U.S. Patent 

LHW HO|Hc] NO|| NEANI SIHL 

OHL OHL 

  



5,957,991 
1 

VEHICLE DRIVE TORQUE CONTROLLER 
FIELD OF THE INVENTION 

This invention relates to a vehicle drive torque controller 
that prevents racing of drive wheels, for example when a 
vehicle accelerates, by reducing the drive torque of the drive 
wheels. 

BACKGROUND OF THE INVENTION 

A mechanism for reducing a drive wheel torque according 
to racing of the drive wheels So as to prevent loss of 
acceleration performance is known as a drive torque con 
troller or traction control System. 

It is also known that the frictional coefficient u of a road 
surface influences the slip factor of the drive wheels. In this 
connection, Tokkai Hei 4-55156 published by the Japanese 
Patent Office in 1992, discloses a device which estimates the 
frictional coefficient u from the vehicle acceleration. 

In this device, the estimation accuracy of the frictional 
coefficient u is improved by using an acceleration in a 
predetermined short time and an acceleration in a predeter 
mined long time according to the accelerating State of the 
vehicle. Also, the slip factor of the drive wheels is limited to 
a permitted range by, for example, decreasing the engine 
output according to the frictional coefficient u of the road 
Surface. 

In this drive torque controller, however, a problem arises 
if the drive wheels race when there is a large resistance to 
vehicle motion or on a road Surface with high resistance, 
Such as for example a rising slope with a high frictional 
coefficient u. This is because, when drive torque is reduced 
on a rising Slope, the engine rotation cannot increase due to 
the large resistance to vehicle motion, and Sufficient accel 
eration cannot be obtained. Also, Some time is required for 
the drive torque to return its original level. As a result, Some 
time is needed to reach a predetermined acceleration, and in 
addition to the loSS of acceleration performance, the driver 
experiences discomfort. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to avoid exces 
sive decrease of drive torque of the drive wheels by a drive 
torque controller when there is a large resistance to vehicle 
motion. 

In order to achieve the above object, this invention 
provides a drive torque controller for use with a vehicle 
which has a drive wheel connected to an engine via a torque 
converter. The controller comprises a mechanism for detect 
ing a running State of a vehicle, a mechanism for reducing 
a drive torque of the drive wheelbased on the running State, 
a mechanism for computing a slip factor of the torque 
converter, a mechanism for Setting a lower limit of the drive 
torque based on the Slip factor, and a mechanism for 
preventing the reducing mechanism from reducing the drive 
torque to a value lower than the lower limit. 

It is preferable that the lower limit Setting mechanism 
comprises a mechanism for computing a road Surface fric 
tional coefficient based on the Slip factor, and a mechanism 
for Setting the lower limit according to the road Surface 
frictional coefficient. 

It is also preferable that the lower limit Setting mechanism 
comprises a mechanism for detecting racing of the drive 
wheel, and a mechanism for fixing the lower limit for a 
predetermined time from when racing is detected. 

It is also preferable that the driving State detecting mecha 
nism comprises a mechanism for detecting an acceleration 
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2 
of the vehicle, and the lower limit Setting mechanism 
comprises a mechanism for computing a target drive torque 
based on the acceleration and a mechanism for applying a 
larger value of the target drive torque or a lower limit of 
drive torque based on the Slip factor, as the lower limit. 

This invention also provides a drive torque controller 
comprising a mechanism for detecting a running State of the 
vehicle, a mechanism for calculating a target drive torque of 
the drive wheelbased on the running State, a mechanism for 
controlling an engine output So as to obtain the target drive 
torque, a mechanism for detecting an acceleration of the 
vehicle, a mechanism for detecting the engine output, and a 
mechanism for correcting the target drive torque So that the 
acceleration corresponds to the engine output. 

It is preferable that the correcting mechanism comprises 
a mechanism for calculating an estimated acceleration of the 
vehicle on a flat road from the engine output, and a mecha 
nism for correcting the target drive torque based on a 
difference between the estimated acceleration and the accel 
eration detected by acceleration detecting mechanism. 

It is also preferable that the running State detecting 
mechanism comprises a mechanism for detecting a rotation 
Speed of the drive wheel, and the target drive torque calcu 
lating mechanism comprises a mechanism for computing a 
feedback term of the target drive torque based on the rotation 
Speed, a mechanism for computing a feedforward term of the 
target drive torque based on the acceleration, and a mecha 
nism for obtaining the target drive torque from the Sum of 
the feedforward term and the feedback term. 
The details as well as other features and advantages of this 

invention are Set forth in the remainder of the Specification 
and are shown in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a drive torque control 
device according to this invention. 

FIGS. 2A-2C are flowcharts describing a drive torque 
control process performed by a traction controller according 
to this invention. 

FIGS. 3A and 3B are graphs showing an average drive 
wheel speed VRR, drive wheel target speed VRRS, and the 
difference therebetween, according to this invention. 

FIG. 4 is a graph describing the contents of a map of a 
target drive torque lower limit TROMN stored in the traction 
controller. 

FIGS. 5A-5C are timing charts comparing the control 
results obtained by the drive torque control device in com 
parison with those obtained by a conventional device. 

FIGS. 6A-6C are timing charts showing variations of a 
direct link drive wheel speed VENG, the average drive 
wheel speed VRR, slip factor 
TROSLP of a torque converter, and the target drive torque 

lower limit TROMN, according to this invention. 
FIGS. 7A-7B are timing charts comparing variations of a 

target drive torque TROE and an engine torque TRO under 
drive torque reduction control by the drive torque control 
device in comparison with the control of the conventional 
device. 

FIG. 8 is a graph describing the contents of a map of the 
target drive torque lower limit TROMN according to a 
Second embodiment of this invention. 

FIGS. 9A-9D are flowcharts describing a drive torque 
reduction control proceSS according to a third embodiment 
of this invention. 

FIG. 10 is a three-dimensional graph showing the con 
tents of a map of a true engine torque TROES Stored by a 
traction controller according to the third embodiment of this 
invention. 
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FIG. 11 is a three-dimensional graph showing the contents 
of a map of an opening THR of a second throttle stored by 
the traction controller in the third embodiment. 

FIGS. 12A-12N are timing charts showing control results 
obtained by the drive torque control device according to the 
third embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1 of the drawings, an engine 4 of a 
vehicle is connected to an automatic transmission 6 through 
a torque converter 5. 
A fuel injection amount or ignition timing of the engine 4 

is controlled according to the driving State of the engine 4 by 
an engine controller 2. 
A first throttle 8 operated in response to an accelerator 

pedal 7 and a second throttle 10 driven by an actuator 9 are 
disposed in Series in an intake passage of the engine 4. 

The automatic transmission 6 is connected to rear wheels 
RR and RL via a drive shaft. 

In the following description, the left and right rear wheels 
RL, RR are the drive wheels, and the left and right front 
wheels FL, FR are the driven wheels. The automatic trans 
mission 6 is Set to a gear ratio or Speed change ratio 
according to the driving State by a transmission controller 3. 
The actuator 9 which drives the second throttle 10 of the 

engine 4 is controlled by a traction controller 1. The Second 
throttle 10 is a throttle for controlling drive torque reduction 
on the basis of the slip factor of the drive wheels and when 
this control is not being performed, it is always maintained 
fully open including when the engine is in the idle State. 
An engine rotation Speed Ne which is output as a signal 

from the engine controller 2 and a gear position GEAR of 
the automatic transmission 6 which is output as a signal from 
the transmission controller 3 are respectively input to the 
traction controller 1. 

Detection Signals are also input from a throttle opening 
sensor 11 which detects an opening TVO of the first throttle 
10, and from wheel speed sensors 12FR, 12FL, 12RR, 12RL 
which detect the rotation speed of the wheels or axles. 

Based on the wheel speeds VTFR, VTFL, VTRR, VTRL, 
the traction controller 1 detects racing of the drive wheels 
RR, RL and a front/rear acceleration Xg of the vehicle. 
When the drive wheels RR, RL are racing, the opening of the 
second throttle 10 is reduced via the actuator 9, and racing 
of the drive wheels is Suppressed by reducing the drive 
torque of the engine 4. 

The drive torque reduction control process performed by 
the traction controller 1 will now be explained with refer 
ence to FIGS 2A-2C. 

This process is executed at a predetermined interval. 
First, in a Step S1, Signals are read from the wheel Speed 

sensors 12FR, 12FL, 12RR and 12RL, and in a step S2, the 
speeds VTFR, VTFL, VIRR, VTRL of the wheels are 
calculated. 

In a step S3, the engine revolution Speed Ne and gear 
position GEAR input from the engine controller 2 and 
transmission controller 3 are read, and the gear ratio iGEAR 
is computed from the gear position GEAR. 

In a step S4, an average speed VFF of the driven wheels 
is calculated from the wheel speed VTFR of the right front 
wheel FR and the wheel speed VTFL of the left front wheel 
FR. 

In a step S5, an average speed VRR of the drive wheels 
is calculated from the wheel speed VTRR of the right rear 
wheel RR and the wheel speed VTRL of the left rear wheel 
RL. 
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4 
In a step S6, a predetermined value VRRBS of the drive 

wheel Speed is calculated to detect racing of the drive 
wheels. This is obtained by adding a predetermined constant 
B to the average driven wheel speed VFF which is equivalent 
to the vehicle Speed. 

In a step S7, a target value VRRS of the drive wheel speed 
corresponding to the current vehicle Speed VFF is calcu 
lated. This is obtained by adding a predetermined constant C. 
to the average driven wheel speed VFF. 

WRRS-VFF-C. 

where, 
C. is Set leSS than B 
In a step S8, the front/rear acceleration Xg of the vehicle 

is calculated by multiplying a difference between the current 
value VFF of the average driven wheel speed VFF and the 
value VFF-1 found in the immediately preceding process, 
by a predetermined conversion constant. 

In a step S9, the target drive torque TROE required for 
accelerating the vehicle is computed from the following 
equation based on the front/rear acceleration Xg. 

where, 
INN is an inertial mass of the vehicle and its drive system. 
In a step S10, a slip factor TROSLP (referred to hereafter 

as TC slip factor), which is the ratio of speeds of a turbine 
and impeller of the torque converter 5, is computed. When 
the turbine and impeller are directly connected, i.e., the 
rotation speed of the turbine and that of the impeller are 
equal, the TC Slip factor. 
TROSLP is 1. On the other hand when the engine 4 is in 

the idling State and the vehicle is not running, the turbine 
rotation speed is 0, so the slip factor TROSLP is also 0. 
To compute the TC slip factor TROSLP, a direct link drive 

wheel speed VENG, which is the drive wheel speed when 
the TC slip factor TROSLP is 1, is found by the following 
expression from the gear ratio iGEAR and engine rotation 
speed Ne which were obtained in the step S3. 

Ne 

iGEAR 
WENG = 

The ratio of the average drive wheel speed VRR, which is 
the true drive wheel speed found in the step S5, and the 
direct link drive wheel speed VENG, is then taken as the TC 
slip factor TROSLP. 

WRR 
TROSLP = 

WENG 

If the torque converter 5 is provided with sensors to detect 
the rotation Speeds of the turbine and impeller, the direct 
linkage TC slip factor TROSLP may be found from the ratio 
of these rotation Speeds detected by the Sensors. 

In a step S11, it is determined whether or not the average 
drive wheel speed VRR exceeds a predetermined value 
VRRBS. 
When the average drive wheel speed VRR does not 

exceed the predetermined value VRRBS, it is considered 
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that the drive wheels are not slipping, and the routine 
proceeds to a step S15. 
When the average drive wheel speed VRR does exceed 

the predetermined value VRRBS, it is considered that the 
drive wheels are Slipping. In this case, it is determined in a 
step S12 whether a racing determining flag FTCS is set to 1. 
When the racing determining flag FTCS is set to 1, the 

routine proceeds to the step S15. When the racing deter 
mining flag FTCS is not set to 1, this flag FTCS is set to 1 
in a step S13. Further, in a step S14, a target drive torque 
lower limit TROMN at that time is stored as a stored value 
TROMN#. The target drive torque lower limit TROMN is 
calculated based on the TC slip factor TROSLP in a step S22 
described hereafter. 
Due to the process of the steps S12-S14, the target drive 

torque lower limit TROMN when the racing determining 
flag FTCS changes from 0 to 1, i.e. when racing is detected, 
is Stored in the traction controller 1 as the Stored value 
TROMNH. 

In a step S15, it is determined whether or not the current 
traction control State is the Steady State. This determination 
is performed according to whether or not two conditions 
hold. Namely, when the racing determining flag FTCS is 1, 
and the difference between the average drive wheel Speed 
VRR and the drive wheel speed target value VRRS is less 
than a predetermined threshold value DS1, it is determined 
that the State is the Steady State. 
When the aforesaid two conditions hold, the routine 

proceeds to a step S16. 
When either of the two conditions is not satisfied, the 

routine proceeds to a step S18. 
In the step S16, it is determined whether or not the steady 

state determined in the step S15 continues for a predeter 
mined time TS. When the steady State continues for a 
predetermined time TS1, the routine proceeds to a step S17, 
and a steady state determination flag FSTB is reset to 1. 
When it is determined that the predetermined time TS1 

determined in the Step S16 has not elapsed, the routine 
proceeds to the step S18, and it is determined whether or not 
the difference between the average drive wheel speed VRR 
and the target Speed VRRS is equal to or greater than a 
threshold value DS2 shown in FIG. 3B. When the difference 
is equal to or greater than the threshold value DS2, it is 
determined that the traction control State is no longer the 
Steady State, the routine proceeds to a step S19, and the 
steady state determining flag FSTB is reset to 0. The 
threshold value DS1 is less than the threshold value DS2, 
and is Set to a value near 0. 

Summarizing the process of the aforesaid steps S15-S19, 
the steady state determining flag FSTB is set or reset 
according to the following conditions. When FTCS=1 and 
VRR-VRRS <DS1 for TS1 milliseconds or longer, the 
steady state determining flag FSTB is set to 1. The time 
referred to herein is the time for which traction control is 
performed and for which the drive wheel speed is near the 
target value, i.e. the time for which Steady State traction 
control is performed. 
On the other hand, when FTCS=0 or VRR-VRRS2DS2, 

the steady state determining flag FSTB is reset to 0. 
When none of the above conditions holds, the steady state 

determining flag FSTB is not changed, and is held at the 
value to which it was Set in the preceding process. 

In a step S20, a division of conditions is performed based 
on the state of the racing determining flag FTCS and the 
steady state determining flag FSTB set in the aforesaid 
proceSS. 
When the racing determining flag FTCS=1 and steady 

State determining flag=0, the routine proceeds to a step S21, 
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6 
and the target drive torque lower limit TROMN is set equal 
to a stored value TRONMif. 

In all other cases, the routine proceeds to a step S22, and 
the drive torque lower limit TROMN is computed based on 
the TC slip factor TROSLP calculated in the step S12. This 
is done by Searching the contents of a map shown in FIG. 4 
which has previously been stored in the traction controller 1. 
Alternatively, a function having the same contents may 
previously be set in the traction controller 1 and the target 
drive torque lower limit TROMN found using this function. 
The lower limit TROMN gradually decreases to a prede 

termined value as the TC slip factor. 
TROSLP increases, i.e. as the turbine rotation speed on 

the output Side of the torque converter increases, as shown 
in FIG. 4. On the other hand, under high load when the 
impeller rotation Speed on the input Side is high, the lower 
limit TROMN takes a larger value. 
The target drive torque lower limit TROMN stored as the 

store value TROMN# in the step S14 is the value calculated 
in the preceding or earlier process in the Step S22. Provided 
that the condition of the step S20 holds, the calculation of the 
Step S22 is not performed. Also, provided that the calcula 
tion of the Step S22 is not performed, the target drive torque 
lower limit TROMN is always equal to the stored value 
TROMNH. 
AS a restriction is applied to the target drive torque lower 

limit in a step S23 shown in FIG. 2C, the larger of the target 
drive torque lower limit TROMN found in the step S22 and 
the target drive torque TROE found in the step S11 is set as 
an apparent target drive torque value TROE*. 

In a step S24, a target engine torque TRO is calculated by 
the following expression from the apparent target drive 
torque TROE* and the gear ratio iGEAR of the automatic 
transmission 6. 

TRO=TROE*iGEAR 

In a step S25, a map shown in FIG. 11 stored in the 
traction controller 1 is Searched from the target engine 
torque TRO and engine rotation Speed Ne So as to find an 
opening THR of the second throttle 10. This map is deter 
mined beforehand by experiment. 

In a step S26, it is determined whether or not the opening 
THR of the second throttle 10 found in the step S25 is full 
(8/8). 

Herein, the result that the throttle is required to be at least 
fully open means that drive torque reduction control is not 
required. In this case therefore, the racing determining flag 
FTCS and steady state determining flag FSTB are both reset 
to in 0 in steps S27, S28. 

In the Step S26, termination of traction control may also 
be determined by determining whether the opening THR of 
the Second throttle 10 is equal to or greater than the opening 
TVO of the first throttle 8. 
When THR is fully open, this THR is then output to the 

actuator 9 in a step S29 and the routine terminates. 
When on the other hand it is determined that the second 

throttle opening THR is not fully open in the step S26, the 
routine proceeds directly to a step S29 where the second 
throttle opening THR is output to the actuator 9. In this case, 
the Second throttle 10 is controlled to an opening equivalent 
to THR, and drive torque is reduced. 
By performing this process at a predetermined interval, 

vehicle acceleration is assured while reducing racing of the 
drive wheels when the vehicle is starting or accelerating. 

Next, a description will be given of how the state of 
motion of the vehicle changes in the above-mentioned 
control process with reference to FIGS. 5A-7B. 
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These figures show Starting and acceleration on a rising 
Slope having a high frictional coefficient u. 
When the driver starts to depress the accelerator pedal 7 

to the maximum degree at a time to, the first throttle opening 
TVO increases as shown in FIG. 5B, the engine rotation 
speed Ne also increases as shown in FIG. 5C, and the 
average drive wheel speed VRR rises as shown in FIG. 5A. 

Before the vehicle Starts, the average driven wheel Speed 
VFF is 0, and the target drive torque TROE is also 0. 
Therefore before the vehicle Starts, the apparent target drive 
torque TROE* calculated in the step S23 is equal to the 
target drive torque lower limit TROMN. The target drive 
torque lower limit TROMN decreases as shown in FIG. 7A 
with increase of the TC slip factor. 
TROSLP shown in FIG. 6B. The second throttle opening 

THR therefore decreases, and engine output falls as shown 
in FIG. 7B. 
When the average drive wheel speed VRR exceeds a 

predetermined value VRRBS at a time t, the racing deter 
mining flag FTCS is set to 1 in the step S13. Herein, if 
VRRBS-BRRS=B-CleDS2, the steady state determining 
flag FSTB is already 0 when the average drive wheel speed 
VRR exceeds the predetermined value VRRBS, and Subse 
quently provided that FTCS=1, the target drive torque lower 
limit TROMN is fixed at the lower limit TROMNif for the 
predetermined time TS1 up to a time t. This lower limit 
TROMN# is the target drive torque lower limit TROMN 
when the racing determining flag FTCS changes from 0 to 
1. 
The target drive torque lower limit TROMN is set accord 

ing to the TC slip factor TROSLP as shown in FIG. 4. 
As clearly seen from this figure, the Smaller the TC slip 

factor TROSLP becomes, i.e. the larger the ratio of the 
impeller rotation Speed on the input Side and the turbine 
rotation Speed on the output Side of the torque converter 5, 
the larger the value of the target drive torque lower limit 
TROMN. 

Herein, the nearer the TC slip factor TROSLP is to 0, the 
higher the load, i.e. the higher the resistance to vehicle 
motion. 

Conversely, the nearer the TC slip rate TROSLP is to 1, 
the Smaller the load, i.e. the lower the resistance to vehicle 
motion. 

In the aforesaid prior art example, the target drive torque 
lower limit TROMN is not fixed to the lower limit 
TROMN#, hence the target drive torque lower limit 
TROMN further decreases as shown in FIG. 7A according 
to increase of the TC slip factor TROSLP. As a result, the 
second throttle opening THR becomes almost fully closed as 
shown by the single dotted line in FIG. 5B, and the torque 
on Starting is largely reduced. 

Therefore although racing of the drive wheels is 
suppressed, the drive wheel speed VRR" and driven wheel 
speed VFF in the prior art hardly increases at all after the 
time t as shown in FIG. 5C, smooth acceleration cannot be 
performed, and the driver experiences an uncomfortable 
feeling. 

According to this invention on the other hand, the mag 
nitude of the TC slip factor TROSLP is considered as the 
magnitude of the resistance to vehicle motion, and as shown 
in FIG. 4, the lower limit TROMN of the drive torque is 
varied according to the TC slip factor TROSLP. 
Consequently, when resistance to vehicle motion is high 
Such as on a rising slope or a road Surface having a high 
frictional coefficient u, the Second throttle opening THR is a 
larger value than in the prior art as shown in FIG. 5B. As a 
result, the speed VFF of the driven wheels increases 
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8 
Smoothly against the resistance to vehicle motion, while 
racing of the drive wheels is prevented. The vehicle 
equipped with this drive torque control device therefore has 
improved drivability and acceleration performance. 

FIG. 8 shows a second embodiment of this invention. 
In the above first embodiment, the TCslip factor TROSLP 

was considered as a value representative of the resistance to 
vehicle motion, however according to the Second 
embodiment, the TC slip factor TROSLP is regarded as a 
value representative of the frictional coefficient u. In this 
case, the relation between the target drive torque lower limit 
TROMN, the frictional coefficient of the road surface u and 
the resistance to vehicle motion is expressed by the follow 
ing table: 

Resistance to at of 
TROMN TROSLP vehicle motion road surface 

LARGE SMALL LARGE LARGE 
SMALL LARGE SMALL SMALL 

In this way, the frictional coefficient it of the road Surface 
is precisely detected based on the TC slip factor TROSLP. A 
map as shown in FIG. 8 or function Specifying the relation 
between the frictional coefficient u and target drive torque 
lower limit TROMN is previously stored in the traction 
controller 1 in this Second embodiment, and the target drive 
torque lower limit TROMN is varied according to the 
frictional coefficient u. According also to this Second 
embodiment, racing of the drive wheels is prevented and 
reliable acceleration is assured as in the first embodiment 
mentioned above. 

In addition to the Second throttle, various means may be 
used to reduce the drive torque, for example engine control 
Such as fuel cut or ignition timing retardation, or braking of 
the drive wheels RR, RL. 

Next, a third embodiment of this invention will be 
described with reference to FIGS. 9A-9D. 
The construction of the hardware according to this 

embodiment is the same as that of the aforesaid first 
embodiment, and is different from the first embodiment 
insofar as concerns the drive torque control proceSS executed 
by the traction controller 1. Specifically, the target drive 
torque is Set to obtain a vehicle acceleration according to the 
engine output instead of Setting a lower limit of the target 
drive torque. 

In the drive torque control process shown in FIGS. 
9A-9D, the steps S1-S8 are the same as in the first embodi 
ment. However, determination of racing of the drive wheels 
is immediately performed in the step S11 following the step 
S8. When the drive wheels are racing, the racing determin 
ing flag FTCS is set to 1 in the step S13. 
When the drive wheels are not racing, in a step S101, it 

is determined whether or not the racing determining flag 
FTCS is set to 1. When the racing determining flag FTCS is 
not Set to 1, the routine is terminated. 
When it is determined that the drive wheels are racing in 

the step S11, or the racing determining flag FTCS is 1 in the 
step S101, a target drive torque TROF is calculated in a step 
S102 based on the front/rear acceleration Xg. The method of 
this calculation is the same as that of the step S9 of the first 
embodiment. According to the first embodiment, the torque 
obtained by this calculation is the target drive torque TROE, 
however according to this embodiment, it is referred to as 
TROF for reasons of simplicity of description. 

Next in a step S103, the true engine torque TROES is 
estimated. For this purpose, an experimentally determined 
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map of the true engine torque TROES shown in FIG. 10, 
which is based on the first throttle opening TVO and the 
Second throttle opening THR, and on the engine rotation 
Speed Ne, is previously Stored in the traction controller 1. In 
the step S103, this map is searched to estimate the true 
engine torque TROES. 

In a step S104, an estimated acceleration Xg which 
should be obtained on a flat road is found from the true 
engine torque TROES using the following expression. 

Xg=TROES-INNG 

where, 
INNG=torque specific to the vehicle required for unit 

acceleration. 
In a step S105, a difference DG between the true accel 

eration Xg obtained in the Step S8 and estimated accelera 
tion Xg is computed. 

In a step S106, a correction coefficient t is calculated by 
multiplying this difference DG by a predetermined coeffi 
cient K1. 

In a step S107, a feedforward (open loop) term (referred 
to hereafter as F/F term) TROE* of the target drive torque 
is found by multiplying the target drive torque TROF by the 
correction coefficient T. 

According to this embodiment, the target drive torque 
TROE comprises the feedforward term (referred to hereafter 
as F/F term) TROE* and a feedback term (referred to 
hereafter as F/B term) TROB. The F/F term is determined 
based on the true acceleration as described above, and the 
F/B term is determined based on the drive wheel speed. The 
F/B term depends on differential/integral/proportional con 
trol (DIP control) known. in the art, and comprises a 
proportional/differential term and an integral term. 
The F/B term is calculated in the steps S108-S113. 
First, in a step S108, a drive wheel slip deviation GSLIP 

is found from the average drive wheel speed VRR and drive 
wheel target speed VRRS. 

In a step S109, a differential DGSLIP of the slip deviation 
GSLIP, is calculated from the present value GSLIP, and the 
immediately preceding value GSLIP using the follow 
ing equations. 

GSLIPWRR-VRRS 

DGSLIP=GSLIP-GSLIP 

In a step S110, a variation amount DTROBI of the integral 
term of the F/B term is found by multiplying the slip 
deviation GSLIP by a predetermined integral gain K1. 

DTROBI-K1 GSLIP 

In a step S111, an integral term TROBI in the F/B term is 
calculated based on DTROBI using the following equation. 

TROBI-TROBI --DTROBI 

where, 
TROBI =current value of TROBI 
TROBI =immediately preceding value of TROBI. 
In a step S112, the proportional/differential term TROBP 

in the F/B term is computed by the following equation. 

TROBP-KP.GSLIP+KD-DGSLIP 
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10 
where, 

KP=predetermined proportional gain 
KD=predetermined differential gain. 
In a step S113, the F/B term is determined by the 

following equation. 

TROB-TROBI-TROBP 

In a step S114, the target drive torque TROE is computed 
from the F/F term TROF* and the F/B term TROB. 

TROE=TROF+TROB 

In a step S115, the target drive torque TROE is converted 
to the engine output torque TRO by the next equation. 
NGEAR is a conversion constant Set according to the 
dimensions of the vehicle. 

TRO=TROENGEAR 

In a step S25, the opening THR of the second throttle 10 
for achieving the engine torque TRO is found in the same 
way as in the aforesaid first embodiment. 

The steps S26, S27 and S29 are the same as in the first 
embodiment. However when THR is 8/8 in the step S26, the 
integral term TROBI in the F/B term is cleared to 0 in a step 
S116 after the processing of the step S27. 

According to the above control process, the target drive 
torque TROE is found by adding the F/B term TROB of the 
target drive torque found based on the slip deviation GSLIP, 
and the F/F term TROF of the target drive torque corrected 
by the true engine torque TROES and the correction coef 
ficient T. according to the acceleration Xg. According also to 
the aforesaid prior art example, the target engine torque 
TROE is found by adding the F/B term to the F/F term, 
however no correction is applied to the F/F term depending 
on the true engine torque TROES and acceleration Xg. 

Therefore according to the prior art example, as shown by 
the single dotted line of FIGS. 12A and 12B, the F/F term of 
the target drive torque does not increase even after the time 
t when racing of the drive wheels is Suppressed, and the 
second throttle 10 remains effectively closed. 

Consequently even when the driver depresses the accel 
erator pedal, the vehicle Speed remains low. It might be 
thought that this problem could be corrected by increasing 
the gain of the F/B term, however in this case hunting of the 
drive torque easily occurs on a road having a low u, and 
drivability of the vehicle is impaired. 
On the other hand, according to this third embodiment, 

the F/F term is corrected by the correction coefficient t, so 
the F/F term after correction rapidly increases and the 
second throttle 10 is opened as shown by the Solid line in 
FIG. 12B after the time t when the suppression of racing of 
the drive wheels is completed. 

Therefore after racing of the drive wheels is Suppressed, 
an acceleration desired by the driver is rapidly obtained. 
Also the gain of the F/B term need not be set large, So good 
drivability is obtained even on a road of low u. In this case, 
the calculated values shown in the flowcharts vary as shown 
in FIGS. 12C-12N. 

Hence, according to the third embodiment, the same 
acceleration characteristics are obtained as according to the 
first embodiment. 

According to the above third embodiment, only the F/F 
term was corrected by the correction coefficient T, however 
the F/B term TROB may also be corrected by the correction 
coefficient t, or the target drive torque TROE which is the 
sum of the F/F term and F/B term may be corrected by the 
correction coefficient T. 



5,957,991 
11 

The embodiments of this invention in which an exclusive 
property or privilege is claimed are defined as follows: 

1. A drive torque controller for use with a vehicle which 
has a drive wheel connected to an engine via a torque 
converter, comprising: 
means for detecting a running State of a vehicle, means for 

reducing a drive torque of Said drive wheel based on 
Said running State, means for computing a slip factor of 
Said torque converter, means for Setting a lower limit of 
the drive torque based on Said slip factor, and means for 
preventing Said reducing means from reducing Said 
drive torque to a value lower than the lower limit. 

2. A drive torque controller as defined in claim 1, wherein 
Said lower limit Setting means comprises means for com 
puting a road Surface frictional coefficient based on Said Slip 
factor, and means for Setting the lower limit according to 
Said road Surface frictional coefficient. 

3. A drive torque controller as defined in claim 1, wherein 
Said lower limit Setting means comprises means for detect 
ing racing of Said drive wheel, and means for fixing the 
lower limit for a predetermined time from when racing is 
detected. 

4. A drive torque controller as defined in claim 1, wherein 
Said driving State detecting means comprises means for 
detecting an acceleration of Said vehicle, and Said lower 
limit Setting means comprises means for computing a target 
drive torque based on Said acceleration and means for 
applying a larger value of any one of Said target drive torque 
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and a lower limit of drive torque based on Said Slip factor, 
as the lower limit. 

5. A drive torque controller for use with a vehicle which 
has a drive wheel connected to an engine via torque 
converter, comprising: 
means for detecting a running State of Said vehicle, means 

for calculating a target drive torque of Said drive wheel 
based on Said running State, means for controlling an 
engine torque So as to obtain Said target drive torque, 
means for detecting an acceleration of Said vehicle, 
means for detecting Said engine torque, means for 
calculating an estimated acceleration of Said vehicle on 
a flat road from the engine torque, and means for 
correcting Said target drive torque based on a difference 
between the estimated acceleration and Said accelera 
tion detected by the acceleration detecting means So 
that Said estimated acceleration corresponds to detected 
acceleration. 

6. A drive torque controller as defined in claim 5, wherein 
Said running State detecting means comprises means for 
detecting a rotation speed of the drive wheel, and Said target 
drive torque calculating means comprises means for com 
puting a feedback term of the target drive torque based on 
Said rotation speed, means for computing a feedforward term 
of the target drive torque based on Said acceleration, and 
means for obtaining the target drive torque from the Sum of 
the feedforward term and the feedback term. 


